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    本论文采用 EDC HCl 和 DMAP 为催化剂，通过酯化反应成功地合成了系
列 3,4-二羟基苯甲酸烷基酯（P1-P10），用质谱和核磁分析对产物进行了鉴定。 

































Tyrosinase (EC 1.14.18.1), a copper containing enzyme, is ubiquitously 
distributed in microorganisms, animals, plants and human beings. It is the key enzyme 
in the vital function of biology. The inhibitors of tyrosinase have aroused the 
widespread interest. 
In this study, we synthetized a family of alkyl 3,4-dihydroxybenzoates, a new 
tyrosinsase inhibitor, from the structure activity relationship of tyrosinase inhibitors. 
In the same time, we investigated the inhibitory effects and mechanism of alkyl 
3,4-dihydroxybenzoates against tyrosinase. The antibacterial activity of alkyl 
3,4-dihydroxybenzoates against Escherichia coli, Staphylococcus aureus and so on 
was also investigated in the study. Then we studied the insecticidal effects of alkyl 
3,4-dihydroxybenzoates against Plutella xylostella and Piers rapae and their effects 
on the expression of tyrosinase gene.  
A family of alkyl 3,4-dihydroxybenzoates (P1-P10) were synthesized by 
esterification reaction with EDC·HCl and DMAP as catalyzators. The structures of 
these esters were established by spectroscopic methods (MS and NMR). 
The activity of the mushroom tyrosinase was assayed using L-DOPA as substrate. 
Alkyl 3,4-dihydroxybenzoates were tested for the inhibitory effect on the oxidation of 
L-DOPA catalyzed by mushroom tyrosinase. The results showed that Methyl 
3,4-dihydroxybenzoate, Ethyl 3,4-dihydroxybenzoate, Propyl 3,4-dihydroxybenzoate, 
Butyl 3,4-dihydroxybenzoat and Pentyl 3,4-dihydroxybenzoat didn’t show obvious 
inhibitory effects against tyrosinase. Hexyl 3,4-dihydroxybenzoate, Heptyl 
3,4-dihydroxybenzoate), Octyl 3,4-dihydroxybenzoate and Nonyl 
3,4-dihydroxybenzoate could inhibit the activity of tyrosinase effectively. The 
inhibitory effects of these four compounds were potentiated with the lengths of 
hydrocarbon chains increased. The kinetic analysis of them on tyrosinase was taken to 
expound their inhibitory mechanism. 
In the bacterium, melanins can protect the bacterial cells and spores against UV 















this study, we investigated the antibacterial effects of Methyl 3,4-dihydroxybenzoate, 
Ethyl 3,4-dihydroxybenzoate, Butyl 3,4-dihydroxybenzoat, Hexyl 
3,4-dihydroxybenzoate, and Heptyl 3,4-dihydroxybenzoate against Escherichia coli, 
Staphylococcus aureus, Bacillus subtilis, Salmonella, Micrococcus luteus and so on. 
The results showed that all of them had great antibacterial activity against these 
bacteria.  
In insects, tyrosinase plays important roles in normal developmental processes, 
such as cuticular tanning, scleration, wound healing, production of opsonins, 
encapsulation and nodule formation for defense against foreign pathogens. In this 
study, we researched the insecticidal activity of Hexyl 3,4-dihydroxybenzoate and 
Heptyl 3,4-dihydroxybenzoate against Plutella xylostella and Piers rapae. The results 
showed that they had great insecticidal activity, the LC50 of them on Plutella 
xylostella were 31.92 and 16.41 mg/ml. They could also inhibit the expression of 
tyrosinase as expected. 
 





















































每个铜离子与 3 个组氨酸上的氮配位结合，CuA与 His38，His54 和 His63 配位结合，
His38，His63分别位于 α2 和 α3 中间，His54 不在这四个 α-螺旋上，CuB则与 His190，
His194 和 His216 配位结合，His190，His194 位于 α6 中间，而 His216位于 α7 中间[9]。
酪氨酸酶的活性中心在催化过程中，双核铜离子位点以 3 种形态存在：氧化态
















向 Nhis配基的调控，形成 5 个配位键，与蛋白上的组氨酸残基上的氮原子形成 3
个配位键，外源氧分子作为过氧化物与铜离子形成两个配位键占据了铜离子的两
个赤道面位置，并可作为两个铜离子之间的桥连配体。氧活性中心铜离子的结合
模型为 μ-η2:η2，所以 Eoxy 活性中心可以写成 Cu(I)-O2-Cu(I)，但通常更适合用过
氧化态 Cu(II)-O2--Cu(II)表示[10]。还原态分为两种形态：EmetⅠ型和 EmetⅡ型，两
种型态铜离子之间的距离分别为 3.9Å 和 3.3Å，EmetⅠ型铜离子中心与一个水分
子结合，EmetⅡ型铜离子中心与两个水分子结合；脱氧态( Edeoxy ) 铜离子之间的
距离分别为 4.1Å，铜离子之间距离的增大有利于氧原子的结合，氧化态( Eoxy ) 铜








































































图 1.1 酪氨酸酶二酚酶和单酚酶的催化反应 
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